Due to their role in mate choice, disease resistance and kin recognition, genes of the major histocompatibility complex (MHC) are good candidates for investigating genetic-based mate choice. MHC-based mate choice is context dependent and influenced by many factors including social structure. Social structure diversity makes the Egernia group of lizards suitable for comparative studies of MHC-based mate choice. We investigated mate choice in the gidgee skink (Egernia stokesii), a lizard that exhibits high levels of social group and spatial stability. Group membership was incorporated into tests of the good genes as heterozygosity and compatible genes hypotheses for adaptive (MHC) and neutral (microsatellite) genetic diversity (n = 47 individuals genotyped). Females were more likely to pair with a male with higher MHC diversity and with whom they had a lower degree of microsatellite relatedness. Males were more likely to pair with a female with higher microsatellite heterozygosity and with whom they shared a lower proportion of MHC alleles. Lizards were more likely to mate with an individual from within, rather than outside, their social group, which confirmed earlier findings for this species and indicated mate choice had already largely occurred prior to either social group formation or acceptance of an individual into an existing group. Thus, a combination of genes and group membership, rather than group membership alone, predicted mate choice in this species. This work will contribute to an enhanced understanding of squamate group formation and a deeper understanding of the evolution of sociality within all vertebrates.
Why an individual chooses one mate over another remains a fundamental question of sexual selection. Individuals may choose a mate based on direct, nongenetic benefits for themselves or their offspring, such as access to resources and food or other forms of parental care, or based on indirect, genetic benefits via improved offspring fitness (Kokko et al. 2003; Andersson and Simmons 2006; Kempenaers 2007) . Mate choice for genetic benefits has subsequent consequences for genetic variation and genetic structure within populations, and for species boundaries (Bonneaud et al. 2006; Gillingham et al. 2009; Tung et al. 2012; . Two main hypotheses in relation to mate choice for genetic benefits are: 1) the good genes as heterozygosity hypothesis (Brown 1997; Landry et al. 2001) , and 2) the compatible genes hypothesis (reviewed in Penn and Potts 1999; Tregenza and Wedell 2000; Neff and Pitcher 2005) . Although both hypotheses use the term "genes," they usually refer to alleles. However, as that term is almost never used (Kempenaers 2007) we use "genes" here for consistency. The good genes as heterozygosity hypothesis refers to the genes of the chosen partner only and predicts a preference for genetic diversity associated with fitness traits (Brown 1997; Landry et al. 2001) . The compatible genes hypothesis refers to a process of matching the genotypes of both partners and commonly predicts preference for a partner with a dissimilar genotype to maximize the genetic variability among the offspring (Neff and Pitcher 2005) and to avoid inbreeding (Tregenza and Wedell 2000) . Good genes, on their own, confer additive benefits, whereas compatible genes, in combination with alleles from the other partner, provide nonadditive benefits to genetic variation in offspring fitness (Neff and Pitcher 2005; Puurtinen et al. 2009; Gohli et al. 2013 ). Both strategies confer genetic benefits to offspring.
Genes of the highly polymorphic major histocompatibility complex (MHC) have important roles in mate choice, disease resistance and kin recognition (Brown and Eklund 1994; Sommer 2005b; Milinski 2006; Piertney and Oliver 2006) , and thus are good candidates for investigating the genetic basis of mate choice (Huchard and Pechouskova 2013; Winternitz et al. 2015) . A number of studies have reported observations of mate choice that support the good genes as heterozygosity hypothesis with regard to MHC genes, in that females prefer males with higher MHC diversity. For example, in the solitary rodent Ctenomys talarum (Talas tuco-tuco) females chose more MHC heterozygous males (Cutrera et al. 2012) and in the obligate pair-living Cheirogaleus medius (fat-tailed dwarf lemur) females paired with males with a higher number MHC alleles than random (Schwensow et al. 2008b) . Similarly, a study of extra-pair paternity in the socially monogamous Carpodacus erythrinus (scarlet rosefinch) found females were less likely to cheat on social male pairs with higher MHC heterozygosity (Promerova et al. 2011) , and females of the cooperatively breeding Acrocephalus sechellensis (Seychelles warbler) were more likely to mate with extra-pair males that had higher MHC diversity than their male social partners (Richardson et al. 2005) .
Other studies have observed MHC based mate choice patterns that support the compatible genes hypothesis, commonly by the choice of partners with dissimilar genes, and by disassortative mating. For example, females prefer MHC dissimilar males in the solitary, promiscuous Microcebus murinus (grey mouse lemur; Schwensow et al. 2008a; ) and the colonial living, monogamous Halobaena caerulea (blue petrel; Strandh et al. 2012) . Other studies have suggested MHC compatibility when mates are chosen with similar MHC genes (Sommer 2005a; Bonneaud et al. 2006; Sin et al. 2015) , potentially to avoid either disrupting co-adapted gene complexes or reduced levels of immunocompetence that may result from the presence of too many alleles (Nowak et al. 1992; Neff 2004 ).
However, some earlier studies did not detect MHC-based mate choice. In those cases, neither the good genes as heterozygosity nor the compatible genes hypotheses were supported (Kuduk et al. 2014; Sepil et al. 2015) . This nonsupport may indicate other mechanisms facilitate inbreeding avoidance, or individuals are unable to discriminate MHC profiles of potential mates (Sepil et al. 2015) . In some other cases, for instance where males coerce females to mate, female precopulatory choice may be reduced or absent. Thus, although MHC may have a general role in mate choice, there is no clear trend among different species, probably because MHC mate choice is context dependent (Setchell and Huchard 2010) . One of the contexts in which mate choice occurs is population social structure, which can constrain mate choice strategies. Investigating mate choice across species representing a range of social structures may improve our understanding of MHC dependent mate choice (Setchell and Huchard 2010; Huchard and Pechouskova 2013; Winternitz 2015) .
Comparative studies of MHC-based mate choice in wild animal populations will benefit from consideration of a broader taxonomic range, particularly from vertebrate groups representing more basal lineages such as squamates, for example, lizards. The Egernia group of Australian scincid lizards includes a wide range both of social structures, from solitary, to seasonal yet stable breeding pairs, and to year round stable family groups, and of mating systems, from genetic monogamy, to polyandry and polygamy (Gardner et al. 2015) . One well-studied member of this group is Egernia stokesii (gidgee skink, J.E. Gray, 1845).
Egernia stokesii is a large (180 mm snout-vent length; Cogger 1983), long-living (25 years; Duffield and Bull 1996) , viviparous lizard that occupies rocky outcrops across semi-arid Australia (Cogger 1983) . It lives in stable family groups, with high levels of genetic monogamy and low dispersal (Gardner et al. 2001 (Gardner et al. , 2002 Duffield and Bull 2002) . Although relatedness of individuals within a group varies among groups, relatedness is higher within than among social groups (Gardner et al. 2001 ). The number of E. stokesii social groups within a rocky outcrop is constrained by the availability of the rocky crevices they shelter in (Gardner et al. 2007 ). There is genetic clustering of this species within both social groups and populations, and this may reflect the spatial patterns of social groups and the isolated habitat availability for populations (Gardner et al. 2007) . Reports based on microsatellite DNA genotypes have shown that the parents of litters are less related to each-other than nonpaired individuals in the population (Gardner et al. 2001) and there is no evidence of significant inbreeding (Gardner et al. 2012) . Behavioral mate choice, rather than sex-biased dispersal, appears to be the means of avoiding inbreeding (Gardner et al. 2012) . Individuals can discriminate between conspecific kin and nonkin, and between group and nongroup members based on both body odor cues and scats (Main and Bull 1996; Bull et al. 2000) . These chemical cues may facilitate recognition and contribute to E. stokesii social group cohesion (Bull et al. 2000) .
In the current study, we extended previous studies by investigating evidence for E. stokesii discrimination among potential alternative mating partners based on several factors. Significantly lower microsatellite relatedness between pairs compared with nonpairs despite fine scale genetic structuring suggests genetic based mate choice may be operating. This study examines the role of adaptive (MHC) and neutral genetic factors, rather than just relatedness. Because E. stokesii form long-term pair bonds within stable social groups, we assessed the importance of belonging to the same social group in mate choice decisions. In addition, we were interested in evidence for, and the relative role of "good" and "compatible" genes, including both MHC and microsatellite DNA, on E. stokesii mate choice. Here, we use the term "mate choice" in the broadest sense of any process leading to a nonrandom pairing between individuals of the opposite sex (see Edward 2015 for a detailed review of mate choice terminology). Further, we assume that E. stokesii mate choice is precopulatory, although it may also be postcopulatory. The choice of mating partner in E. stokesii is likely to be limited by fine scale social structure, limited dispersal and high levels of previously established monogamous partnerships. The group membership hypothesis suggests that living in a group confers a benefit of collaborative access to refuge crevices, and vigilance against approaching predators (Lanham and Bull 2004) . This predicts that lizards would prefer to mate with another individual from within their social group, to retain group membership and its benefits. Based on the assumption that higher genetic diversity represents higher fitness, the good genes as heterozygosity hypothesis predicts that lizards would be more likely to choose a mate with higher genetic diversity in order to optimize genetic outcomes from mating events. The prediction of the compatible genes hypothesis is based on observations that group members reside in stable, close proximity to each other within rocky crevices, which is likely to increase the risk of parasite transmission (Godfrey et al. 2006 (Godfrey et al. , 2009 . As a result, lizards should be more likely to mate with genetically dissimilar mates to increase the number of different MHC alleles in offspring for parasite and pathogen resistance. Because these 3 hypotheses are not necessarily mutually exclusive, our aim in this study was to determine the relative influence of each on mate choice in this lizard species. This work will provide a foundation for comparisons among other members of the Egernia group thereby enhancing our understanding of the formation of groups within squamates, a lineage in which group formation is rare (Gardner et al. 2015) , and facilitating a deeper understanding of the evolution of sociality within all vertebrates.
Methods

Study Sample
We used DNA samples and social, microsatellite, and breeding pair data derived from earlier field surveys of E. stokesii at Camel Hill, a rocky outcrop 1 hectare in area, located near Hawker in the southern Flinders Ranges of South Australia (31°54S; 138°25E). Camel Hill contained 17 social groups, defined by overlapping home ranges derived from occupancy of rocky crevices (see detail and figure 1 in Gardner et al. 2001; Duffield and Bull 2002) . Field survey, laboratory, and bioinformatic methodology has largely been described elsewhere (Gardner 2000; Gardner et al. 2001 Gardner et al. , 2007 Duffield and Bull 2002; Pearson et al. 2016) therefore, for brevity, are summarized in the Supplementary Appendices S1 and S2 rather than included here. Social group composition is detailed in (Gardner et al. 2001) . MHC genotypes were derived for a 216 base pair region of MHC I exon 2 (corresponding to the α-1 domain) and a 102 base pair region of MHC II exon 2 (corresponding to the β-1 domain). Microsatellite genotypes were previously derived for 6 microsatellite loci and used in parentage analysis in Cervus (Marshall et al. 1998 ) to determine both parents of juveniles and subadults in the population and hence to determine breeding pairs (Gardner 2000; Gardner et al. 2002) . Although pairs were inferred from parentage analyses, we use the term "mate," where relevant, for simplicity.
Mate Choice Hypotheses
We tested 3 hypotheses: group membership, good genes as heterozygosity, and compatible genes (summarized in table 1 in Supplementary Appendix S1).
Group Membership Hypothesis
We predicted E. stokesii choice for a mate from within the same social group if the group membership hypothesis represented the process behind E. stokesii mate choice. The method for determination of social group membership is described in Supplementary Appendix S1 and social group membership data are summarized in Table 1 . Two datasets were used: the MHC I dataset included individuals genotyped for MHC I and 6 microsatellite loci, the MHC II dataset included individuals genotyped for MHC II and 6 microsatellite loci. MHC alleles represented unique nucleotide sequences that translated into unique amino acid sequences across the dataset.
Measures Used to Test the Good Genes as Heterozygosity Hypothesis
We predicted E. stokesii choice for a mate with higher genetic diversity if the good genes as heterozygosity hypothesis represented the process behind mate choice in E. stokesii. Four within individual measures were used to assess genetic diversity: 1) number of MHC alleles, 2) mean within individual MHC genotypic distance (Schwensow et al. 2008b ), 3) within individual MHC functional distance (Radwan et al. 2012) , and 4) individual microsatellite homozygosity by locus (Aparicio et al. 2006 ). These measures are described in detail in the Supplementary Appendix S1.
Measures Used to Test the Compatible Genes Hypothesis
Three pairwise measures were used to assess the prediction that E. stokesii mate choice for compatible genes would be demonstrated by a preference for a genetically dissimilar mate: 1) proportion of shared MHC alleles (Wetton et al. 1987) , 2) pairwise MHC genotypic distance (following Landry et al. 2001) , and 3) pairwise microsatellite relatedness (Bichet et al. 2014; Parrott et al. 2015; Winternitz et al. 2015; Blyton et al. 2016 ). In addition, we predicted that the choosing individual's genetic diversity (as defined by the 4 measures described in Measures used to test the good genes as heterozygosity hypothesis above) would influence their mate choice (Reusch et al. 2001; Aeschlimann et al. 2003) . We predicted that the strength of choice for genetic diversity would be higher for less heterozygous individuals. All measures are described in detail in Supplementary Appendix S1.
Mate Choice Test Datasets
Our 3 hypotheses were tested across 8 datasets of candidate partnerships. These datasets are briefly described here and detail is provided in Supplementary Appendix S1. First, all tests were undertaken for both female choice and male choice because it is not known which is the "choosy" sex in E. stokesii, or if mate choice is mutual. For simplicity, we just describe the methodology for female choice, but the methods for analysis of male choice were analogous. Second, we conducted analyses within the whole population (here, the rocky outcrop), and then just within social groups. Third, we ran separate models for each of 2 datasets: one for individuals genotyped for both MHC I and microsatellites, another for individuals genotyped for both MHC II and microsatellites (hereafter called MHC I and MHC II datasets, respectively). Thus, to explore the alternative hypotheses, 8 separate datasets were analyzed: female-choice and male-choice, each at the whole population and social group level, and for each of MHC I and MHC II. The numbers of pair-wise comparisons included in each test are provided in Table 1 .
Hypothesis Testing
To compare the relative importance of alternative hypotheses regarding mate choice in E. stokesii, for each data set, we employed an Akaike information criterion (AIC) (Akaike 1973 ) model selection approach, using generalized linear mixed models (GLMM) (glmer) implemented in R (version 3.1.3) using the lme4 (Bates et al. 2014) and AICcmodavg (Mazerolle 2015) packages. We considered models corresponding to the good genes as heterozygosity and compatible genes hypotheses, with group membership included as an additional possible explanatory factor only in the population level analyses. Model selection was performed using an information theoretic approach (Burnham and Anderson 2001) , measuring the goodness of fit of models with the AIC, corrected for small sample size (AIC c ) (Hurvich and Tsai 1989) . Firstly, models were ranked starting with the lowest AIC c and ΔAIC c (the difference between the top model and all subsequent models) and highest Akaike weight (ω, the probability that a model is the best approximating model). We then reviewed a confidence set containing all models with a cumulative Akaike weight of ≥95% (Burnham 2002; Symonds and Moussalli 2011) . However, because models in the 95% confidence set were generally equivocal (see Results), we subsequently applied a threshold of ΔAIC c ≤2 to consider the best approximating models. We then used ΔAIC c and Akaike weights to assess the relative strength of support for models with ΔAIC c ≤2. Detailed GLMM and model selection methodology is provided in Supplementary Appendix S1. We used model averaging to derive coefficient values for each variable where the coefficients and 95% confidence intervals were averaged across all models that featured that variable, not just for models with ∆AIC c ≤2 nor only those within the 95% confidence set. Continuous variables (e.g., MHC functional distance) were standardized (to a mean of 0 and standard deviation of 0.5) to facilitate a comparison of coefficient effect sizes (Grueber et al. 2011) .
Results
Study Sample
We identified 31 MHC I and 5 MHC II alleles in the samples assayed in this study. Social data were available for 67 adults, including 27 breeding pairs (Table 1) . Following sample filtering based on the methodology and R scripts of Sommer et al. (2013) for reliable genotyping (described in detail in Pearson et al. 2016) , we retained MHC I genotypes for 47 adults (25 males, 22 females) and MHC II genotypes for 46 adults (25 males, 21 females) ( Table 1) . Retained samples represented 17 breeding pairs for MHC I (including 11 within group pairs and 6 extra group pairs) and 13 for MHC II (including 9 within group pairs and 4 extra group pairs) ( Table 1 ). There was no significant difference in the mean number of alleles per individual between males and females for either MHCI or MHC II (P > 0.05, analysis results not shown). Next, we provide a summary of the outputs from GLMM in relation to the group membership, good genes as heterozygosity, and compatible genes hypotheses.
Alternate Hypotheses
Among all the models tested at the whole of population level, 7 models had ΔAIC c ≤2, all of which included group membership ( Table 2) . Four of these incorporated group membership and good genes as heterozygosity measures, 2 incorporated group membership and compatible gene measures, and one was group membership alone (Table 2) . In most cases, models that incorporated both genes and group membership ranked higher than group membership alone (Table 2 ). At the social group level, 2 nonnull models had ΔAIC c ≤2, one representing the good genes as heterozygosity hypothesis, the other representing the compatible genes hypothesis (Table 3) . Next, we report results pertaining to each dataset. Because group membership had overall strong support, we focus our reporting of results on the genetic hypotheses. Details for all models within 95% confidence sets are presented in Tables 2 and 3 . Model averaged coefficients and 95% confidence intervals for factors included in models with ∆AIC c ≤2 are presented in Table 4 . The 95% confidence intervals for all models within 95% confidence sets are reported in Supplementary Appendix S3.
MHC I-Associated Female Choice
For female-choice in the whole of population MHC I dataset, evidence was strongest for the good genes as heterozygosity hypothesis, with male MHC I functional distance in addition to the influence of group membership the most highly ranked model. Females were more likely to pair with a male from within the same social group with a higher functional distance of amino acids at MHC I positively selected sites (Figure 1) . Although the support for this model was relatively weak (ω = 0.261, Table 2), the model averaged coefficient confidence intervals for group membership did not overlap zero (Table 4) . Although the confidence intervals for functional distance marginally overlapped zero, the effect size for this factor was relatively large compared with others in the dataset (Table 4) . Functional distance also ranked highest in the social group level analyses, in which the weighting was slightly stronger (ω = 0.353, Table 3 ) and model averaged coefficient confidence intervals did not overlap zero (Supplementary Appendix S3). Other models with ΔAIC c ≤2 included another good genes as heterozygosity variable that ranked higher than group membership alone, the number of MHC I alleles, but this was very weakly supported (ω = 0.189), and the compatible genes variable pairwise microsatellite relatedness, but this was ranked below a model containing group membership alone (Table 3) .
MHC II-Associated Female Choice
For female choice in the whole of population MHC II dataset, evidence was strongest for the compatible genes hypothesis with pairwise microsatellite relatedness in addition to the influence of group membership the most highly ranked model (Table 2) . Females were more likely to pair with a male from within the same social group with lower pairwise microsatellite relatedness (ω = 0.478). For female choice in the social group MHC II dataset, the null model was the only model with ΔAIC c ≤2 (ω = 0.825, Table 3 ). The 95% GG, good genes as heterozygosity measures; CG, compatible genes measures; HL, microsatellite homozygosity by locus; k, number of parameters; ΔAIC c , increase in AIC c compared with the top model; ω, model weight. Models within a 95% confidence set (a cumulative Akaike weight of ≥95%) are shown in addition to null models, which are included for comparative purposes. Models shown in bold are the most parsimonious models based on ΔAIC c ≤2. GG and CG measures are numbered according to the Methods section of the main text.
CIs of the model averaged coefficients for female choice for group membership in both the whole population and social group analyses did not overlap zero whereas the CIs of all other variables included zero (Table 4 and Supplementary Appendix S3).
MHC I-Associated Male Choice
For male choice in the whole of population MHC I dataset, evidence was strongest for the good genes as heterozygosity hypothesis with female HL in addition to the influence of group membership the most highly ranked model (Table 2) . Males were more likely to pair with a female from within the same social group with higher microsatellite heterozygosity (ω = 0.409, Figure 1 ). For male choice in the social group level MHC I dataset, one nonnull model had ΔAIC c ≤2: MHC I alleles shared (ω = 0.354, Table 3 ). Males were more likely to pair with a female with a lower proportion of shared MHC I alleles (i.e., less similar). The 95% CIs of model averaged coefficients for group membership in the population level analysis did not overlap zero whereas the CIs of all other variables included zero (Table 4 and Supplementary Appendix S3). Although the 95% CIs of female HL in the population level analyses marginally overlapped zero, its effect GG, good genes as heterozygosity measures; CG, compatible genes measures; HL, homozygosity by locus; k, number of parameters; ΔAIC c , increase in AIC c compared with the top model; ω, model weight. Only models within a 95% confidence set (a cumulative Akaike weight of ≥95%) are shown. Models shown in bold are the most parsimonious models based on ΔAIC c ≤2. GG and CG measures are number according to the Methods section of the main text. Showing coefficients of the terms (variables) used in models, standard errors (SE), and upper and lower confidence limits (CL) of 95% confidence intervals for variables relevant to the most parsimonious models based on ΔAIC c ≤2. Continuous variables were standardized (to a mean of 0 and standard deviation of 0.5). Confidence intervals that did not overlap zero are shown in bold.
size was relatively large compared with other factors in the dataset (Table 4 and Supplementary Appendix S3).
MHC II-Associated Male Choice
As with MHC I, for male choice in the whole of population MHC II dataset, evidence was strongest for the good genes as heterozygosity hypothesis with female HL in addition to the influence of group membership the most highly ranked model (ω = 0.407, Table 2 ). For male choice in the social group MHC II dataset, only the null model had a ΔAIC c ≤2 (ω = 0.830, Table 3 ). The 95% CIs of model averaged coefficients for male choice for group membership in the population level analysis did not overlap zero whereas the CIs of all other variables included zero (Supplementary Appendix S3). As with the MHC I dataset, the 95% CIs of female HL in the population level analyses only marginally overlapped zero and its effect size was relatively large compared with other factors in the dataset (Table 4 and Supplementary Appendix S3).
Discussion
In our population level analyses, we found that E. stokesii pairings were predicted by both genetic factors and social group membership, with a combination of group membership and genes having more influence than group membership alone. Thus, this work develops conceptual understanding beyond previous work that found E. stokesii usually pair with unrelated individuals within their social group (Gardner et al. 2001 ) and provides new insights into factors that might influence choice of partners within E. stokesii social groups. Group membership was a key predictor of E. stokesii pairs, which indicated mate choice had already largely occurred prior to either social group formation or acceptance of an individual into an existing group. We found evidence to support both the good genes as heterozygosity (MHC functional distance, number of MHC alleles, microsatellite heterozygosity) and the compatible genes (pairwise microsatellite relatedness, shared MHC alleles) hypotheses to explain mate choice preferences. Results indicate both male and female E. stokesii genetic makeup is a factor in E. stokesii mate choice. Overall, results support more than one hypotheses, suggesting that multiple factors are involved in E. stokesii mate choice. In contrast to population level results, we found a lack of support for genetic predictors in our within-group analyses, probably because sample sizes were small. Therefore, we focus on population level results for the remainder of our discussion.
Group membership was incorporated in all models within our 95% confidence set, indicating that social group membership had a major influence on E. stokesii mate-choice. Individuals were more likely to pair if they were in the same group, although there was still a substantial number of extra group pairings within the whole population level data sets. Overall, however, models incorporating both group membership and genetic factors ranked more highly than group membership alone. Although there was more support for the good genes as heterozygosity than compatible genes hypothesis, evidence for both highlights the complexities of examining mate choice where more than one hypothesis gains support. While results indicated the genetic makeup of both males and females are involved in E. stokesii mate choice, there is no clear trend, which suggests a lack of sex-bias in E. stokesii mate choice. Although previous work found breeding pairs had lower pairwise microsatellite relatedness than random (Gardner et al. 2001) , this factor only ranked highly in our analyses in models of female mate choice at the population level for the MHC II dataset, revealing that factors other than microsatellite relatedness are better predictors of E. stokesii pairings. MHC-associated variables generally ranked the highest in female choice models whereas microsatellite-associated models generally ranked the highest in male choice models. This suggests that both adaptive and neutral genes influence E. stokesii mate choice. Although MHC-associated models in the MHC I datasets were generally equivocal, results indicate a role for MHC based mate choice. For MHC II data sets, the role of MHC in partner choice was less clear. Although this implies MHC II genotypes have less influence on mate choice, low variation in this region may have reduced the power to detect a pattern. Alternatively, sequencing a greater region of MHC II may yield greater insights into the role of MHC II in E. stokesii mate choice.
We found evidence for a preference for both "good" and "compatible" genes in E. stokesii pairings. Egernia stokesii preference for partners with high genetic diversity (the good genes as heterozygosity hypothesis) was evident in female choice for males with higher MHC I functional distance and higher number of MHC I alleles, and male choice for females with higher microsatellite heterozygosity. Our findings of a preference for a genetically diverse mate are consistent with the findings for other species including Passer domesticus (house sparrow; Bonneaud et al. 2006) , C. talarum (Talas tucotuco; Cutrera et al. 2012) , and C. medius (fat-tailed dwarf lemur; Schwensow et al. 2008b) . Egernia stokesii preference for genetically dissimilar individuals (the compatible genes hypothesis) was evident in female choice of partners with lower pairwise microsatellite relatedness and male choice of partners with a lower proportion of shared MHC I alleles. This choice for dissimilarity is consistent with findings in other species including M. murinus (grey mouse lemur; ) and H. caerulea (blue petrel; Strandh et al. 2012) . On the other hand, it contrasts with results found for P. domesticus (house sparrow; Bonneaud et al. 2006; Bichet et al. 2014) and Meles meles (badger; Sin et al. 2015) in which similar mates were preferred. Although both M. meles and E. stokesii form stable social groups, the species contrast in their preferences for compatible genes.
Adaptation to local parasites can favor mating with similar individuals (Bonneaud et al. 2006; Sin et al. 2015) yet our results indicate E. stokesii prefer to pair with dissimilar individuals. Local parasite diversity and prevalence within the study area was unknown. Therefore, local adaptation may have been undetected if the spatial scale of this study was smaller than the scale at which significant genetic structure in the parasites occurred. Nevertheless, there are several possible explanations why dissimilar partners may be preferred. Living a long life and forming stable pair bonds within a social group may strengthen E. stokesii preference for dissimilar individuals. Egernia stokesii preference for more genetically diverse and dissimilar social group mates will generate higher diversity among offspring, thereby increasing offspring potential to resist pathogens. This may be particularly important given E. stokesii longevity and stability of social groups and pair bonds, which make mate decisions critical. Egernia stokesii dependence on rocky crevices within limited rocky outcrops, which promotes high relatedness among individuals within social groups (Gardner et al. 2007) , would further strengthen the importance of an unrelated mate. Although we found evidence for both a "good" and "compatible" gene basis for E. stokesii pairings, it is not clear how these patterns arise. However, given the importance of group membership, mate choice dynamics may be closely linked to social group dynamics.
Our findings suggest that E. stokesii social group formation and maintenance is a critical factor in mate choice. Although our findings indicate a genetic basis for E. stokesii pairings within social groups, it is unknown how E. stokesii groups are formed and when such preferences may be realized, that is, before or after group formation. One possibility is that individuals find a partner with "good" (e.g., higher MHC functional distance) and/or "compatible" (e.g., lower proportion of shared MHC alleles) genes and then establish a new group if vacant, suitable habitat is available. However, this mechanism is constrained by the limited number of rocky crevices available and low dispersal capacity. A second possibility is that dispersers differentially settle in groups of individuals with higher than average genetic diversity, or that individuals within a group exhibit choice by allowing or rejecting potential new occupants of groups before they have settled. Third, there may be differential dispersal out of groups of individuals with lower genetic diversity, leaving adults with higher than random genetic diversity within social groups. Fourth, unpaired individuals within an existing group may pair up based on good and/or compatible genes. This last mechanism is a way in which a natal crevice may be inherited which may be of importance for E. stokesii given lizard and social group numbers are limited by habitat (Gardner et al. 2007) .
Egernia stokesii are long lived and social groups are stable therefore, if mate choice predominantly occurs after groups have formed, individuals are likely to have considerable time to become familiar with each-other. Familiarity is likely to facilitate the ability to observe phenotypes and potentially detect genetic quality, for example, via odor cues. On the other hand, E. stokesii individuals may not be making a choice of partner. Copulations have not been observed in the field and it is unknown if males monopolize or defend females. However, females need to lift their tail for copulation, which suggests some level of "choice," as they could retreat and wedge themselves in crevices, which would prohibit mating. There is no clear male or female biased dispersal in this species (Gardner et al. 2012 ) so both males and females may move and attempt to establish in existing groups if mating opportunities in the natal group are limited. Despite uncertainty regarding E. stokesii group formation, our results highlight the importance of incorporating nongenetic and genetic variables when investigating mate choice yet this is rarely done (but see Sin et al. 2015) . Because group formation is a fundamental precursor in the evolution of stable social aggregations, a greater understanding of E. stokesii group establishment and maintenance, and how mate choice influences group dynamics, warrants further investigation.
The evidence for E. stokesii mate choice based on genetic factors as well as group membership gives rise to numerous questions for further study. First, how are E. stokesii groups formed and maintained, and at what stage are mate decisions made? Second, if E. stokesii choose a mate based on "good" or "compatible" genes, how is this differentiated? What are the relative roles of phenotypic and odor cues? Future work would benefit from greater sample sizes for increased power to detect mate choice signals, particularly for within-group analyses, and to facilitate investigations of decisions behind extra pair matings. Group living is rare among squamates. This study now allows comparisons among members of the Egernia group and related clades that represent a range of social structures, thereby enhancing our understanding of the dynamics of group formation and the evolution of sociality within all vertebrates.
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